This paper presents a compact circularly-polarized patch antenna used for GPS/GLONASS receptions onboard an artillery projectile fuze. The proposed antenna consists of a corner-truncated slotted ceramic patch and a small circular ground plane. Two small rectangular slots are realized on the patch for improving the circular polarization bandwidth and an additional truncation at the patch's supper left corner is employed for enhancing the required impedance bandwidth. The designed antenna inside the fuze occupies a cylindrical space of 6-mm height and 36-mm diameter. The optimal antenna design and the analysis of effects on design parameters are carried out with Microwave Studio TM by CST. The fabricated antenna is to be installed inside a fuze radome potted with plastic foam. The fabricated antenna shows a gain of 2.5~4.2dBic, an axial ratio of 5.1~11.6dB, and a reflection coefficient of less than -10dB at 1.57~1.62GHz.
Ⅰ. Introduction
There have been active research efforts in regards to improving the precision of conventional artillery projectiles using satellite-based positioning systems, such as GPS and GLONASS [1] - [3] . The artillery projectile's precise position is ascertained using a satellite signal receiver onboard the projectile. Small control fins and canards are used to adjust the projectile's ballistic trajectory for an improved terminal accuracy. The M982 Excalibur, a despinned glide type 155mm projectile, was the world's first GPS-guided precision artillery round put into service. Other examples include the Precision Guidance Kit (PGK) [4] and the Mortar Guidance Kit (MGK) [5] .
There have been very few published studies on the satellite signal receiving antennas onboard artillery projectiles. Recently Bang et al. [6] presented a projectile GPS antenna that consisted of four inverted-F elements on a truncated cone. Kim and his co-workers proposed the small shorted patches which can be installed around the projectile fuze body [7] . The patch length l, the corner truncation c, and the probe position g determine the operating frequency, the axial ratio, and the input impedance, respectively. The fundamental design parameters were determined by using the widely-used electromagnetic simulation software Microwave Studio TM by CST. The dimensions of the slots and the added corner truncation have been optimized to further improve the antenna's performance. The proposed antenna has drawbacks such as a somewhat increased front-to-back ratio and high axial ratio due to the small ground plane of the fuze. To overcome this limited conditions, two slots and one additional truncation on the patch are employed. Fig. 2 shows the proposed antenna installed inside the radome of the M782 fuze, in which there are electronic circuits enclosed in a metal case. The radome is made of Norly®(a modified polyphenylene oxide resin) whose dielectric constant and loss tangent are 2.7 and 0.001, respectively. The vacant space around the antenna is filled with rigid polyurethane foam having a dielectric constant of 1.34 and a loss tangent of 0.024.
In designing the on-board cetamic patch antenna in the fuze, the presence of the radome, the fuze body, and the foam potting material are simultaneously considered for use of the artillery projectile. Optimum design dimensions are obtained with the parametric sweeps in the use of Microwave Studio TM . The dimensions of the designed antenna were determined to be: d = 36mm, w = 25mm, l = 19.5mm, c = 2.8mm, c1= 1mm, dx = dy = 1.5mm, g = 2.3mm, f = 0.83mm, t1 = 0.03mm, t2 = 6.0mm, and t3 = 0.5mm.
Ⅲ. Fabrications and Measurement
Figs. 3(a) and 3(b) respectively show the fabricated antenna before and after it is covered with the radome and potted with the foam material. To verify the performances of the fabricated antenna, a reflection coefficient and gain patterns are measured by employing the vector network analyzer HP 8720C and a 3D antenna chamber. 
